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p— _
“ Vehicle Performance, Economy

CAR AND DRIVER TEST RESULTS:

ACCELERATION..
Zero t0..30 mph.

..full charge.....battery empty HANDLING

Roadholding, 300-ft-dia skidpad.......... 0.72¢g
Understeer minimal moderate excessive

FUEL ECONOMY
(Japanese-specification Prius)

EPA city driving
Street start, 5-60 mph........ 13.9sec........ 20.1 sec EPA highway driving...
Top-gear acceleration, C/D-observed fuel economy........... 35 mpg
..... 6.1sec........8.5 sec

..9.4 sec

Standing 1/1',1'1".3__ . ANL-observed fuel economy........... 38 mpg
during mileage accumulation

Top speed (drag limited)......

BRAKING
70-0 mph 141 impending lockup 185 ft
Fade......none light moderate heavy

Argonne National Laboratory
Transportation Technology R&D Center
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p—
“ Dynamometer Fuel Economy Results

- Also shown (in italics) o Fuel Economy in MPG with associated Ah/mi

——1 0.12
are the stored or E/’:";G.
. mi —
releas_ed electrical 50 o6 of et b T o A oos
energies as a percentage w22 energy
of the total fuel used in 0% [ e
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. o LT % E
- Additional tests to L 30 Z .’ m10 =
facilitate SOC corrections <
were not made 204 | | b W e -4 0.04
- FTP’ ECE and bOth 10 [ JUURN ) DURRRURR R ISUUURRONN [ TR | L) SOURRRUIN B USRI B [evees . _O 08
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of fuel energy SOC
tolerance criteria 0 -0.12
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p— .
“ DSOC Effecting Fuel Economy

as
Fuel 10 a L
. | 106
consumption = n d
||.""n='#n p Elteg
[ kmvL ]
25
0.26Ah = 1% of fuel
20
0.2 001 0.0 &.1 0.2
1A Charge balance [Ah ul
\A 1 @ Y
Fuel consumption and charge balance
Toyota Data from HEV test procedure memo S.Sasaki, 1/98 Argonne National Laboratory

Transportation Technology R&D Center
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SAE J1711 Prescribes 2 full UDDS

(4 bags) for HEV Tests

Cold-Start:

Km/h

Hot-Start:

Km/h

~«—— Transient Phase I Stabilized Ph «—10min.Soak  —3
1
oo
sof
7ot
ot
sob
a0l
ot
204
1ot
0 ' ' ' ) '
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Time (s)
< Transient Ph tabilized Ph Second stabilized phase
is completed.
%
8
i
&
50
“
S
2
10
o t t t+ 1 1 t ¥ t t t 1 T t
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Time (s)

Note: SOC corrections require at least two (2) sets of tests

Argonne National Laboratory
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p— :
“ SOC Effecting Fuel Economy

Cold-Start UDDS

= 38.02 MPG

= +1.38Ah=6.5% of fuel

= Battery aggressively
finding SOC “bump
points”

= According to scan tool:
- SOCi=67%
- SOCf = 69%

Hot-Start UDDS

=" 61.3MPG

= -0.318Ah=-2.48% of fuel

= Battery in normal
operating mode

= According to scan tool:
- SOCi = 69%
- SOCf =54%

MPH 2
Bat Curren|

[——AhIcalc] ha vy 15
P 1
I 05
E
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F 05
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60 15
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£ &
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T 8
[P | 8108 NN 0 ESJUURURINIY O 20 S L M | £

7 \ | [0 I [ I <
T ' 1
15
2
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=" O Emissions Correlate Well With Engine
“ Power — No Anomalous Spikes

CO pre and post catalyst

MPH, kW

0.1400
T 0.1200
To01000 W
2
/ T 0.0800 —ROLLS
|—Peng (kW)
|~ COeng|g/s]
T 00600 [ COtaillg/s]
£ T 0.0400
WV VA
N ANV
AN L
0.0000

ANL Test at GM-Milford 9/99

Argonne National Laboratory

Transportation Technology R&D Center

[y _ .
“ Engine Shutdown Produces HC Spikes

HC pre and post catalyst

50 : 0.0700
45 — ROLLS A
— Peng (kW) I T 0.0600
40
— HCeng [g/s] I
35 — HCtail [g/s] 1 0.0500 7
=2
g % T 0.0400 E
i 4 \ o g
x 25
( I
E 2 2\ 0.0300 ?
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5 [ \ I\\ \ \ 100200 T
AR Y //\
L NCN NN s e LN
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\
0 L/ 0.0000
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same data, log scale highlights tailpipe

“|! Engine Shutdown Produces HC Spikes,

HC pre and post catalyst

N A 7
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ANL Test at GM-Milford 9/99

Argonne National Laboratory
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Hi Mass Emissions Are Measured While Engine

6000 0.12
HC ppm
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P=48 At ANL, Fast Response Emissions
“ Equipment Connected To Prius

» Cambustion, 2-channel “Fast FID” HC analyzer
» Cambustion, 2-channel “Fast CLD” NOx analyzer

Argonne National Laboratory
Transportation Technology R&D Center

Cold-Start UDDS

“|! Fast HC Data Shows Actual Peaks

10000 1 T 1000
Eng RPM
9000 — camHC Eng-Out 800
camHC Tailpipe
8000 “="Bench HC Eng-Out 600
Eng Torque _
7000 Dyno Speed x10 400 zg
[}
B 6000 e e g e e T200 32
x g
> PN —e———— Y M — f_’
S 5000 1 e ° o
s I
& 4000 200 &
z
3000 -400 5
2000 : {I\ -600
1000 i/ -800
0 T : P -1000
0 5 10 15 20 25 30 35 40 45 50
Time[sec]
ANL Test at ANL's Advanced Powertrain Test Facility 10/99 Argonne National Laboratory

Transportation Technology R&D Center
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Fast HC Data Shows No Emissions In
Tailpipe During Engine Off Cycles

10000 1 EngRPM - 600
camHC Eng-Out
~ camHC Tailpipe
9000 === Bench HC Eng-Out 400
~— Eng Torque
8000 Dyno Speedx10 | 200
7000 w = * v 2 0

6000

5000

2 )
o
S

PPM, Eng RPM

4000

3000

-

& A
o o
S] S]
Eng Torque [N-m], MPHx10

2000 7

&
<]
S]

!

0

\ -1000

N

Pl \ -1200

— -1400

280

300 320 340
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360 380 400

ANL Test at ANL's Advanced Powertrain Test Facility 10/99

Argonne National Laboratory
Transportation Technology R&D Center
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p— . :
“ Engine-Focused Testing

» Engine, Battery, Motor/Generator, and HEV computers
communicate within a multiplex network

» Without support, engine removal and dyno testing very
difficult and time consuming

» Decision to install short-length torque sensor for in-situ
engine testing

Argonne National Laboratory
Transportation Technology R&D Center

p— _
“ Engine Torque Sensor

= HBM
= T10F Short-design torque
sensor
= Rated: 200 N-m
= Contact free
= Mounted sensor between
two flanges
Top View

Flange .
= Splined shaft
accepts THS to engine

splined shaft

'

Torque Sensor

Argonne National Laboratory
Transportation Technology R&D Center
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Half-shaft input

Antenna

Access to
signal plug

toward frame rail =

80

60

40

20

[A], [N-m]
o

- 2500
Note Characteristics of
Under-Damped Control
T 2000
\ Enaine RPM
r 1500
/ / \\. (BN A e
‘:‘. Py AN
: PR T 500
-Generator CUMent .« ...oe. el
T — T T T T T T 0
1 6 7 8 9 10 11 12 13 14 15
T -500
—  EngTorque |L 1000
""" Gen Current
Eng RPM I -1500
T -2000
-2500
10Hz Data

Time [s]

Torque Sensor Allows Excellent Insight
Into Engine Operation And Control

RPM

ANL Test at ANL’'s Advanced Powertrain Test Facility 10/99

Argonne National Laboratory

Transportation Technology R&D Center
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p— , _
“ Mapped Area of Engine Operation
120
100 o ) @©
9 es.B2. 90 ®
80 q 999 =
i Q
T 60 ‘*
z % % ‘e
8 40
E 20 l =
0 >
Q
-20
-40
0 500 1000 1500 2000 2500 3000 3500 4000 4500
RPM [1/min]

ANL Test at GM-Milford 9/99

Argonne National Laboratory
Transportation Technology R&D Center

“ Engine Efficiency

/Appears to be ~37% Peak Efficiency

40 —

20

30

1
1

Cumulative Frequency - sec

Engine Thermal Efficiency - %

=

0 10 _ 20
Engine Output - KW

30

Taken from Toyota SAE TOPTEC 99 Slides

Argonne National Laboratory
Transportation Technology R&D Center
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“ Engine Efficiency vs. Output

40%

35%

30%

25%

20%

15%

10%

Thermodynamic Efficiency [%]

5%

0%
0 5 10 15 20 25 30 35 40 45
Engine Output [kW]

ANL Test at GM-Milford 9/99, Chassis Dyno used Argonne National Laboratory
Transportation Technology R&D Center

“ Prius Engine Efficiency Map

Prius Engine Thermal Efficiency

Therma Efficiency %

torque N-m pm

Argonne National Laboratory
Transportation Technology R&D Center
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Engine Fuel Use and Emission
Map Data

Speed  Torque  HCeff  COeff NOxeff | Gallons  HC co Nox Power | Gallons co Nox | Thermo
[REM)  [N:m] [%] [%] [%] Lgalls] La/s] Lafs] Lafs] fkw] | [gavkwh] [g/kwh] _[gfkwh] _[g/kwh] ] Effic
12007 5801 99.27 98.40 99.90 | 0.000187 0.016867 0031  0.023467| 7.349 | 0.0916 | 8.262 | 15.86 | 11.4e6 | 0.3260
15773 75.89 99.17 99.40 97.77 | 0.00030 002300  0.05060 0.03913 | 12.536 | 0.086443] 6.605 | 14532 | 11.238 | 0.3455
18527 86.63 98,57 97.87 99.73 | 000041 002653 007860 0.04600 | 16.807 | 0.08857 | 5684 | 16.835 | 9853 | 0.3372
12107 4043 99.47 99.40 6513 | 0.00014 001247 002003 001360 | 5126 |0.090772] 8756 | 14.703 | ess1 | 0.2003
12103 2688 99.40 99.40 66.20 | 0.00011 001067 0.01540 0.00707 | 3.407 |o.115800] 11.271 | 16.273 | 7.467 | 0.2579
12927 2686 99.60 99.40 97.10 | 000012 001187 001760 000813 | 3636 |o0.115879] 11.751 | 17.428 | 8054 | 0.2577
12100 3533 99.40 99.33 90.33 | 000013 001203 001913 001213 | 4477 |o0.104388] 10.400 | 15385 | 9756 | 0.2861
12100 6149 90.13 90.13 81.67 | 0.00019 001660  0.03040 0.02540 | 11.610 |o0.088071] 6.as8 | 11.205 | o422 | 0.3357
21900 8288 98.33 97.90 9057 | 0.00044 003167 0.08847 0.06953 | 20.204 | 0.082502] s.666 | 15.820 | 12.435 | 0.3616
2388.7 9158 97.70 99.20 9753 | 000054 003207 010260 0.06927 | 16.683 | 0.084666] 12.398 | 39.772 | 26.898 | 0.3527
12167 3324 99.80 96.00 90.00 | 0.00013 001260 0.02073 0.01027 | 4772 |o.108605] 9740 | 15.007 | 7913 | 0.2801
12113 4693 90.57 96.87 90.00 | 0.00016 001467 0.02707 001753 | 5953 | 0.00479 | ss71 | 16.372 | 10.601 | 0.3150
12110 60.14 99.20 o7.37 99.90 | 0.00019 001693  0.03280 002433 | 7.627 | 0.08896 | 7.002 | 15.480 | 11.486 | 0.3357
17187 79.04 98.97 98.40 99.77 | 000033 002647 005947 004760 | 14.225 | 0.08402 | 6698 | 15.050 | 12.047 | 0.3554
31150 9421 97.90 99.37 82.83 | 0.00073 004540  0.16060 0.09820 | 30.760 | 0.085015] s.324 | 18.766 | 11.469 | 0.3513
32060 8734 96.53 96.57 98.73 | 0.00068 004167 016473 0.11100 | 29.323 |0.082871] 5115 | 20.224 | 13.628 | 0.3604
27140 8538 98.60 99.50 80.97 | 0.00055 003560  0.12367 0.09220 | 24.266 |0.082120] 5282 | 18.347 | 13.678 | 0.3636
16473 77.53 99.67 97.50 99.90 | 000032 002180 006460 0.04347 | 13.375 | 0.08486 | 5868 | 17.388 | 11.699 | 0.3519
12553 5656 99.80 96.07  100.00 | 0.00018 001487 003313 002303 | 7.436 |o0.000171) 708 | 16.043 | 11587 | o0.3312
3397.0 9659 98.30 96.93 98.07 | 000081 005567 09747 0.11133 | 34.360 |0.085100] 5832 | 20.689 | 11.665 | 0.3509
27633 85.47 98.00 96.80 99.23 | 0.00056 004053 013320 0.09300 | 24.734 |0.081986] 5900 | 19.387 | 13.536 | 0.3642
17303 66.76 99.80 99.57 90.83 | 0.00020 002193  0.06013 0.04113 | 12.008 | 0.08567 | 6527 | 17.889 | 12.242 | 0.3486
14347 5739 99.83 96.83 90.00 | 0.00021 001713  0.04007 0.02787 | 8622 |o0.088767| 754 | 16.730 | 11.636 | 0.3364
12117 4025 99.90 99.57 99.63 | 0.00014 001320 002353 001393 | 5107 |o0.098562] 9307 | 16588 | 9821 | 0.3030
17510 24.81 99.90 99.60 99.73 | 000015 001587  0.02667 001033 | 4550 |o0.118047] 12.555 | 21.009 | 8176 | 0.2530
17530 4937 99.80 98.90 90.87 | 0.00023 002100 0.04573 0.02067 | 9.063 |o0.002145] 8342 | 18.166 | 11.784 | 0.3241
23707 7312 99.10 97,03 9080 | 000042 003240 008727 006900 ) 18.346 | 0.083400) 6430 | 17323 | 13654 | 0.3576
39383 98.19 98.00 99.40 78.77 | 0.00097 005447 021227 0.13500 | 40.496 | 0.08635 | 4.841 | 18.871 | 12.001 | 0.3458
12030 4461 99.43 99.43 7390 | 000017 001427 002507 001917 | 6040 | 0.00857 | 8504 | 15.477 | 11.424 | 0.3030
14563 7325 99.67 90.57 9270 | 0.00027 002027  0.05187 0.03613 | 11.171 |o0.087924] 6531 | 16.721 | 11.643 | 0.3306
14207 5334 90.73 94.37 90.03 | 000021 001857 0.04013 0.02637 | 7.988 |0.092003] 8378 | 18.088 | 11.879 | 0.3214
18170 76.73 99.27 97.83 99.63 | 0.00035 002530 006643 005210 | 14.600 | 0.085371] 6.240 | 16.387 | 12.843 | 0.3498
986.7 5.23 99.87 96.03 97.13 | #DIvior 001810 001877 000063 | 0540 | #0ivior| 120582 | 125.024 | 4219 | #0ivior
12113 28390 90.10 99.60 90.07 | 0.00011 001173  0.01907 0.00870 | 3602 |o0.114141] 11.738 | 10.067 | sese | 0.2616
20797 4763 99.40 99.47 9513 | 000027 002263  0.05237 0.03707 | 10.372 | 0.094726] 7.857 | 18.162 | 12.866 | 0.3153
25030 8199 97.23 95.73 99.20 | 000050 003643 010637 008177 | 21.490 | 0.083092] 6.102 | 17.817 | 13.698 | 0.3504
30050 8589 98.67 99.47 9247 | 0.00062 004527  0.4747 010220 | 27.028 | 0.08321 | 6.028 | 19.643 | 13.613 | 0.3588
3503.0 8665 98.57 99.37 95.43 | 0.00074 004670 019327 0.12457 | 31.790 | 0.084246] 5.283 | 21.802 | 14.106 | 0.3545
40090 9723 97.97 97.70 90.30 | 0.00098 005587 023210 0.14037 | 40.821 |o0.086759] 4925 | 20.472 | 12.379 | 0.3442
Qaza 140 9990 24 200 looooor ooieez  oooiaz oooono 220 f o001 188 149, o000 ) 26615

Argonne National Laboratory
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